CORRESPONDENCE
We read with great interest the Review by Ewer, M. S. & Ewer, S. M. (Cardiotoxicity of anticancer treatments. Nat. Rev. Cardiol. 12, 547-558; 2015), 1 because it is highly relevant to our research. We appreciate the thorough review of the heart disorders and the associated molecular mechanisms elicited by receptor tyrosine-protein kinase erbB-2 (ERBB2)-targeted agents in this article. However, we believe that the authors' description of trastuzumab as "the first mono clonal antibody tyrosine kinase inhibitor" is conceptually incorrect and does not reflect the current state of literature in this field.
Tyrosine kinase inhibitors (TKIs), such as lapatinib, inhibit the kinase activity of epidermal growth factor receptor (EGFR), and ERBB2 and ligand-induced receptor phosphorylation by reversibly binding to the ATP-binding site of the kinase. 2 Cetuximab, a therapeutic monoclonal antibody directed against the extracellular domain of EGFR, acts as a TKI to block the activation of EGFR tyrosine kinase by competing for ligand binding. 3, 4 Trastuzumab is a therapeutic monoclonal antibody directed against the extracellular domain of ERBB2. 5 However, the effects of trastuzumab on ERBB2 kinase activity are different from those of TKIs and cetuximab. An anti-ERBB2 mono clonal antibody 4D5, which was later humanized to generate trastuzumab, was shown to exhibit agonistic signalling, resulting in increased ERBB2 phosphorylation that correlated with its inhibitory effect on ERBB2-overexpressing breast cancer cells. 6 Growing evidence indicates that targeting ERBB2 using trastuzumab increases ERBB2 tyrosine phosphorylation in trastuzumab-sensitive breast cancer cells. [7] [8] [9] Diemeier and colleagues reported that the inhibitory effect of trastuzumab on trastuzumab-sensitive breast
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cancer cells is associated with its capacity to induce ERBB2 phosphorylation at Tyr1248. 7 Gijsen and co-workers also reported that trastuzumab induced ERBB2 tyrosine phosphorylation, 8 and together with another group observed that trastuzumab treatment induced paradoxical activation of mitogenactivated protein kinase 1/3 in breast cancer cells. 8, 9 In 2014, we demonstrated that trastuzumab upregulated ERBB2 tyrosine kinase activity in trastuzumab-sensitive breast cancer cells, and that this upregulated a ctivity contributed to ERBB2 phosphorylation. 9 Despite different effects on ERBB2 phosphorylation, both lapatinib and trastuzumab have the capacity to downregulate Akt activity and to inhibit growth of breast cancer cells. Based on our data, we postulate that binding of trastuzumab to ERBB2 could induce structural changes in the ERBB2 cytoplasmic kinase domain, leading to allosteric activation of ERBB2 kinase and trans phosphoryl ation of ERBB2. 9, 10 Trastuzumab-induced ERBB2 phosphorylation provides docking sites for downstream signalling molecules, which are different from those induced by a ligand (such as epidermal growth factor), in that they recruit signalling molecules such as Csk-homologous kinase, a non-receptor tyrosine kinase. Negative signals downstream of ERBB2 subsequently contribute to growth inhibition of ERBB2-positive breast cancer cells. 9, 10 Taken together, these studies provide evidence that trastuzumab does not function as a TKI. 
